Measurements of pulmonary blood volume (PBV) and pulmonary capillary blood volume (V,) 
SUMMARY
Measurements of pulmonary blood volume (PBV) and pulmonary capillary blood volume (V,) and hemodynamic studies were made in a series of 106 patients with valvular heart disease (62 with predominant mitral lesions and 44 with predominant aortic lesions). The results were compared with the data obtained from 14 "normal" patients and nine normal subjects. In 14 "normal" patients, the PBV varied from 204 to 315 m/m2 with a mean value of 269 ml/m2, while in nine "normal" patients and nine normal subjects the V, ranged from 39 to 66 mI/M2 with a mean value of 54 mI/M2.
ADDITIONAL INDEXING WORDS:
Angiocardiogram Phonocardiogram Indicator-dilution curves Hemodynamic studies ESTIMATES of total pulmonary blood volume (PBV) and pulmonary capillary blood volume (V,) have been reported separately in many patients with valvular heart disease.'-10 To our knowledge, there has been no report in the literature concerning the determination and comparison of these two variables in a large group of patients. The purpose of this paper is (1) The determinations of PBV and VV in all "normal" and cardiac patients were carried out in the recumbent position. As a rule, estimate of V, was made 1 day after the catheterization procedure. Abbreviations: BSA -body surface area (m2). CI -cardiac index (L/min/m2). SI = stroke index (ml/beat/ M2 ). PAm = pulmonary artery mean pressure (mm Hg). LAm = left atrial mean pressure (mm Hg). PVR = pulmonary vascular resistance (dynes * sec/cm5). PBV = pulmonary blood volume (mi/M2). A positive correlation was observed between the CI and PBV in the whole group of patients with mitral valve disease (P <0.01), as well as those of class III (P <0.02) and of class IV (P <0.05). For the whole group a negative correlation was found between total pulmonary resistance (TPR) and PBV (P < 0.05) and between pulmonary vascular resistance (PVR) and PBV (P < 0.05). There was a less significant negative correlation between TPR and V, (P < 0.02) and between PVR and V, (P < 0.02). Even though no significant correlation existed between PBV and V, in any individual class of patients, a positive correlation between these two variables (P < 0.01) was found in the whole group of 62 mitral patients.
Results
In between PBV and V, (P < 0.02). In those of class III a more significant correlation was found between these two variables (P < 0.01).
Discussion Critique of Methods
In the analysis of the data presented in this paper, certain limitations and deficiencies of the methods are apparent, and the results should be interpreted with some caution.
First, PBV and V, were not determined in all the "normal" patients and normal subjects. In the 14 "normal" patients with PBV determinations, V, was estimated in nine. Since left heart catheterization would have been necessary, no determination of PBV was made in any of the nine normal subjects in whom V, was estimated. However, our normal values for PBV (269 ml/m2) and for V, (54 ml/ mi2) were in close agreement with those reported previously from this laboratory as well as by other workers.2' 3, 7, 8, 14, 15 Second, the length of the individual studies made it impractical to determine PBV and V, nearly simultaneously in a given cardiac patient. The determinations were made under almost identical circumstances and usually no more than 1 day apart, and it was assumed that no significant alteration in the pulmonary Circulation, Volume XXXV, April 1967 vascular volumes in a given patient occurred between the two studies.
Third, utilizing the indicator-dilution technique described, there may be errors inherent in the determination of PBV. These potential errors have been previously acknowledged and discussed by many workers2 3 5 and by ourselves4' 12 and include the following: (1) The PBV so determined may include an undetermined portion of left atrial volume; (2) stagnation or unevenness of blood flow through the pulmonary vascular bed, (3) disappearance of indicator in the pulmonary circulation, and (4) There has been rather scanty information in the literature concerning PBV in normal subjects. In the reported cases the figures were close to those presented in this paper, 269 ml/m2. The values of V, in normal subjects determined by carbon monoxide technique reported by various workers were around 40 to 60 ml/m2. Thus in normal subjects the resting PBV and V( are maintained in a fairly narrow range, constituting, respectively, approximately 10% and 2% of the total blood volume."1 If V, is about one fifth of the total PBV, the remaining four fifths of the blood in the pulmonary vascular bed must be stored in both pulmonary arteries and pulmonary veins. Recent postmortem studies by Smith an associates22 have demonstrated that in normal lungs the pulmonary arterial volume was about 110 ml/M2. Subtracting this value and the mean V, from the total pulmonary blood volume, the pulmonary venous volume of a normal person would be approximately the same as that in the pulmonary arteries, that is, 110 ml/m2. It should be noted that the pulmonary arterial volume determined by Smith was considerably greater than that measured by other workers.23 It is conceivable that in a normal man the proportion of the volume in the three segments of pulmonary vessels may be as follows: arteries, 30 to 40%; capillaries, 20%; and veins, 40 to 50%. The aforementioned estimate is at variance from that reported in the animal lungs in that 65% of the pulmonary blood volume was said to be present in the pulmonary veins and only 15% in the arteries. 24 At The PBV was increased in 33% and decreased in only 5% of the class-II and class-III patients with mitral valve disease. In the remaining 62% of the class-Il and class-Ill patients, the PBV was within normal limits. In contrast, the PBV was either normal or reduced in class-IV mitral patients. In two of these patients multiple pulmonary emboli were found subsequently at postmortem examination.
Although the V, was increased in 9% of the patients with mitral valve disease, it was either normal or decreased in the remaining 91%, regardless of functional class. In a certain number of patients, particularly in those with moderate pulmonary hypertension, an increased PBV may be associated with a normal V. This would imply that the pulmonary vascular bed in these patients is abnormally and chronically dilated and that most of the increased blood volume is stored in both pulmonary veins and arteries. The finding of normal or decreased V, in many patients with mitral valve disease supports the recent observations reported by other workers.'0' 26 Our previous studies, however, demonstrated an appreciable increase in V½ in several class-Ill and class-IV patients with mitral stenosis. 9 Bates and associates 8 27 also found that V, was considerably increased in their class-Ill patients with mitral stenosis, but V, Circulaion. Volume XXXV, April 1967 was consistently decreased in the class-IV patients.
In many class-III mitral patients the augmented left atrial and pulmonary artery pressures, by passive distention of both veins and arteries, tend to produce an increase in PBV. However, in the later stage of the disease, when a marked increase in pulmonary artery pressure and vascular resistance is present, the blood volume in the pulmonary vascular bed may return to a normal level. Such a reduction from a previously high pulmonary blood volume probably results from marked structural changes in the pulmonary vessels associated with functional vasoconstriction or thromboembolism. When It is conceivable that, if class-IV patients with aortic lesions were studied, a normal Circulation, Volume XXXV, April 1967 or reduced PBV associated with a decreased V, might be anticipated.
Conclusions
In patients with predominant mitral valve lesions, the PBV was essentially within normal limits in mild cases (class II), frequently increased in moderately advanced cases (class III), and either normal or reduced in the severest cases (class IV). In most cases the V, was normal or reduced, regardless of functional classification. In a small number of class-III patients, however, the V, was augmented.
In patients with predominant aortic valve lesions, the PBV was essentially normal in mild cases (class I and class II), but was increased in 40% of the moderately severe cases (class III). Although the V, was within normal limits in most cases, it was considerably increased in several class III patients.
While there was a progressive decline in both DLCO and D-Ico from class-II to class-IV patients in the mitral group, the DLCO and DMco were essentially within normal limits in the three classes of patients with aortic valve lesions.
The data demonstrated that, in many patients with mild or moderately severe mitral lesions and in almost half of the patients with moderately severe aortic valve lesions, the pulmonary vascular bed was chronically dilated with increased blood volume. Since the V, was normal in most of these cases, the augmented blood volume was probably in both pulmonary veins and arteries. In patients with severe mitral valve lesions, both PBV and V, were either normal or actually reduced, most likely resulting from secondary functional or structural changes of the pulmonary blood vessels or both.
